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Abstract

IRAS images, carbon monoxide observationsat 2.7 mm (CO, CO, and C'*0), and blue extinction from
star counts have been used for a large scale study of the 1.134 complex of high latitude clouds. We have
correlated the different [racers in order to investigate the range of physical conditions for which these
tracers apply. Wc find tight lincar correlations bet ween >CO and A, and CO and Al,,,. The quantity
Al IS the infrared emission of inner cloud regions obtained from the relationship Al,g,=/,00-1s/©O, Where
O is the value for 7¢I, in the outer regions of the clouds. We find that A7,y probes the same regions as
CO and can therefore be used to predict the ‘°CO emission. From the correlation between *CO and A,,
and the CO mcasurements wc determine an average *CO abundance in the complex which does not differ
significantly from other studies. However, the abundance in the translucent cloud 1.1780 is about a factor
4 lower than in the opaque clouds 1.134, 1.1 83, and 1.1 69.

Using the “CO observations wc have compiled the properties of 18 clumps in the complex, The
clumps follow clear luminosity-size and size-lincwidth relationships. The size-linewidth relationship is
consistent with a power law with exponent 0.S. The derived ambient pressure acting on the clumps is of
order p/k=2x 104 Kcm®.

Both molecular and infrared data show that the ultraviolet radiation field in the complex is anisotropic.
This is consistent with the presence of the nearby UV sources { Oph and the Upper Scorpius OB
association. The densest regions in the complex as delineated by the ammonia cores can be found close
(o the low illumination edges of the clouds. In addition, a higher density contrast on the shadow side can
be observed. These observations support the view that the anisotropic UV field affects the density
distribution in the clouds and that the increased strength of the UV field causes a bigger halo on the
illuminated side. The influence of the UV field upon the appearance of clouds is most evident in the outer
layers of a cloud. The inner, denser, and well-shielded parts seem much more similar, Judging by the
uniform behaviour of most (racers. However, the displacement of the ammonia cores with respect to the
cloud centers suggests the effects of the anisotropy extend down to the densest layers of the clouds.

Subject headings: infrared emission, molecules, molecular clouds
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1. Introduction

The structure and interior physics of interstellar clouds arc often inferred from molecular line observations.
The interpretation of molecular lines, however, depends upon parameters (such as fractional abundance,
excitation degree, and line saturation degree) that arc difficult [0 determine independently. An alternative
(racer is infrared emission from dust. IRAS has provided an all-sky database (o study infrared emission
at 12, 25, 60 and 100 pm. Wi(h the development of improved mapping algorithms, structures can bc
studied with an accuracy better [ban previously possible using the same initial data. This alows detailed
analysis of molecular clouds including the smaller and cooler ones with relatively low surface brightness.

The interpretation of diffuse IRAS emission is not straightforward due to the presence of different dust
components. The 10 — 100 pm emission has been attributed to a panicle mix which consist of large
molecules, very small grains, and classical grains (Draine & Anderson 1985; Chlewicki & Laureijs 1988;
Mathis & Whiffen 1989; Helou, 1989; Désert, Boulanger & Puget 1990). Boulanger et al. (1990) added
a ncw dimension to the complexity by observing infrared color variations which cannot bc explained by
models assuming a fixed grain composition. These variations may reflect changes in dust composition.

In this paper, wc combine data on dust and molecular line emission, We analyze the morphology and
propel-tics as well as the inter-rclaionships between frequently used tracers of molecular clouds: carbon
monoxide emission at 2.7 mm, infrared emission detected by IRAS, and blue extinction derived from star-
counts. Specia attention is given to the presence of strong infrared color variations and molecular line
emission as reported by Boulanger et a. (1990), Laureijs, Clark & Prusti (1991), and Abergelet a.
(1993).

The complex of clouds centered around the dark cloud 1.134 (Lynds 1962) is a suitable region to
analyze diffuse and dense parts in clouds. The complex is situated at high galactic latitude (I=5°, b=36°)
whit}] minimizes the likelihood of unrelated emission along the line of sight. A distance to the complex
of 11 0+ 10 pc was measured by Franco (1989) from photon:etric observat ions of field stars. The proximit y
to the sun alows study of smalllinear scales even with the limited IRAS resolution of about 5 which
corresponds to 0.16 pc. The clouds L134 and 1,183 contain dense cores which have been studied
extensivel y in the past (e.g. Mattila 1979; Clark and Johnson 1981, S wade 1989a, 1989b and references
therein). In addition, the complex includes a number of lower opacity molecular clouds previously detected
in CO (Magnani, Blitz & Mundy 1983). In Table 1 wc have listed the names and positions of the main
clouds wc investigate in this study.

The observational procedures and data collection arc described in section 2. Carbon monoxide and
infrared images arc presented in section 3. This section includes a description of the position of the L134
complex in its galactic neighborhood. In section 4.2-4.5 we analyze mostly empirically general correlations
between infrared, carbon monoxide, and extinction in the four densest clouds. In section 4.6 the influence
of the anisotropy of the UV radiation field is examine.d by considering slices through two clouds. The
properties of "CO clumps arc investigated in section 4.7. In section 5 wc interpret the measured quantities
and correlat ions by comparison wi th previous observations and models. In section 6 wc discuss our
observations interms of cloud stability and structure. Wc presentevidence that the anisotropic radiation
field in the complex affects the morphology of the clouds. The conclusions arc stated in section 7.

2. Observational Material

2.1. Carbon Monoxide




Spectral lines of the CO, “CO, and C*0 J=1 -O transitions were collected with the 4 meter telescope of
the University of Nagoya (Kawabataet al. 1985) in the period December 10, 1990- January 14, 1991.
The telescope has a spatial resolution of 277 (FWHM) and is equipped with a Helium cooled S1S receiver
(Ogawa et a. 1990). Spectra were obtained by switching the frequency over an interval of 13 MHz. To
ensure that wc did not overlook broad spectral features, deep position-switched spectra were taken at
suspect broad-wing positions. The channel separation of the 1000 channel acousto optical spectrometer
was 50 kHz, corresponding to a velocity resolution of 0.13 kms™ at 115GHz. The system temperature
was of order 200-300 K for *CQ and C'®0 at 110 GHv, and 600-800 K for CO at 115 GHz. The target
rms noise per channel was chosen to be less than 0.1, ().4, and 1.2 K for the C**O, *CO, and CO lines,
respectively. During optimum sky conditions, an integration (imc of 20 seconds was sufficient to obtain
an rms noise level of less than 0.35 K per channel at 110 GHz.

Both stability of the receiver and elevation dependencies were monitored by frequent observation of
the L183 ammonia core (RA 15"’ 517" 30", Dec -2 °43'31"; Ungerechts, Walmsley & Winnewisser 1983;
S wade 1989a) and by determination of the atmospheric opacity 1 by means of sky-dipping. The peak
antenna temperature 7" of the reference line varied by less than 5% when the elevation angle z varied
between 30° and 50°. Since this variation is of order the relative uncertainties in the peak temperatures
(3- 10%), wc ignored the systematic variations within the observed elevation range. Extrapolation of the
empirical linear relationship between T,” and t*cosec(z) to z=90° showed that the spectral lines would be
on average 5% and 10% brighter at 110 and 115 GHz, respectively, when observed in the zenith.
Accordingly, correction factors of 1.05 and 1.10 have been applied.

The absolute temperature calibration was performed by daily observation of the Orion-KL position.
The average peak T,* was observed to be 65 K by fitting a gaussian line prone, This result has been
compared with T g =84 K, the brightness temperature measured with the Millimeter Wave Observatory of
the University of Texas (Schloerb and Loren, 1988; Wootton, private communication). Assuming that the
beam of the 5 meter MWO telescope is similar to that of the Nagoya telescope, a forward spillover
correction of 1,,s=65/84=0.8 was adoped to convert T,* to T," (Kutner and Ulich 1979).

Similar observations of the Orion KL position in the other CO isotopes yield values for Mg that are
10-25% lower than the value found for CO (namely 0.7 and 0.6 for “CO and C'*0, respectively),
depending upon the adopted reference Ty . We have not corrected the data for these results but rather
considered the different ng as part of the uncertaintics in the calibration of the carbon monoxide data.
Consequently, wc estimate an uncertainty in the temperature calibration of at most 25%.

The frequenc y switched spectrawere corrected for baseline ripples and zero level offsets by subtracting
third order polynomial fits. In the following sections wc denote the velocity integrated emission [T} dv
of CO, *CO, and C*O by W,,, W,,, and W, respectively. For comparison with the infrared and extinction
maps, the CO maps have been convolved with a Gaussian to an effective resolution of 5.4 arcminutes.

2.2. Infrared

IRAS images at 12, 25, 60, and 100 pm were obtained using BIGMAFP 2 coadding software (Wheelock
and Kester 1989). Before coaddition, the individual scans at 12, 25 and 60 pm were smoothed to a spatial
resolut ion of 5 to match the resolution at 100 pm. The zodiacal emission was removed from the scans
by subtraction of the semi-empirical model derived by Good (1988). We note that one of the zodiacal -
bands runs parallel to the Eclipt ic planc approximatel y through RA= 161'00"", Dec=—-6°00". The band runs
just below the central cloud complex but above 1,1780. Since the band has a colder spectral distribution
(ban the zodiacal dust cloud wc do not expect any serious contamination in the main clouds by the y-band
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at 12 pm. A1 100 pm the excess emission is negligible. At 2.5 and 60 pm there may be an additional
gradient. In order to extractthc emission associated with the cloudsonly, wc applied an additional
background subtraction by removing a tilted plane that has been fitted to emission free regions of the
images. These regions were determined by eye.

Wc also used the All-Sky IRAS low resolution maps with 0°5x0°95 pixels for which the zodiacal
emission was subtracted using the Good (1988) model(Oken, Gautier & Wheelock 1988).

2.2 Extinction

A blue extinction (Ag) image derived from star counts of an ESO J plate has been taken from Mattila and
Schnur (1994). The. initial staicount map has a reseau Size (and pixelsize) of 56x56 and covers an area
of about 2°5x2°S centered at RA=15" 517, Dec=--3° O'. The extinction map includes 1.183,1.169, and a
large fraction of 1.134. Star count data of 1,1780 with 3’x3’ resolution have beentaken from Mattila
(1979). Thestar counts of L] 780 were converted to extinction using the method described in Mattila
(1986) and subsequently smoothed to a resolution of 5'.

3. Presentation of the data

3.1. Infrared Morphology

To show the location of the 1.134 complex in the infrared sky, wc have displayed 100 pm images on two
different scales in Fig. 1. Thelarge scale image (Fig. |a) shows that the 1,134 complex is on the edge of
an cextended infrared emission region with the Ophiuchus complex of dark clouds approximately in its
center. This region runs from galactic longitude /=330° to /=25° and extends out to about b=40° at /=0°.
Studies of the Ophiuchus complex of dark cloucls(dc Geus 1990, and references therein) and the Upper
Scorpius OB association (Blaauw, 1991 ) have indicated that the region must be shaped by supernova
explosions and stellar winds from the OB association. Another molecular study by Nozawa et al. (1991)
has shown that the star formation rate is remarkably low in the northern part of the Ophiuchus complex,
and has suggested that the strong UV radiation may play a role in regulating the rate through enhancing
the ionization rate of the molecular gas. The elongated structure in which the 1.134 complex is embedded
appears in Fig. 1 as onc of the most distant filaments surrounding the Upper Scorpius OB association. The
filament can also bc seen in the Y1 maps presented by Colomb, Poppel & Heiles (1980). On a smaller
scale. (Fig. 1 b) the filament consists of fragments in which the dark clouds 1.183 and 1.134 are the
brightest features. The dense clouds, including the smaller clouds MBM 38 and MBM 39 are situated on
the edge of a bubblelike structure of about 5° in diameter centered on /=8, b=40°. 1.183 and L134 arc
elongated in the direction perpendicular to the filament.

Photometric measurements of late type stars by Fi anco (1989) show that the 1.134 complex is
cmbcddcd in a region of size of about 8°x50, with a photometric distance of 11 0+ 10 pc, and a color
excess of £(b—y)=0.2 msg. The large extent of the region suggests that ¥ranco measured the distance to
the filament seen in emission at 100 pm. France's distance dcterm inat ion cornpares well with the distance
of 160 pc determined by Snell (1981), who applied the same method but used brighter stars in a 20°X200
area obtained from published catalogs. As Franco surveyed a smaller area of 8°x90, the larger region that
has been analyzed by Snell could bc biased by clouds in the related Ophiuchus cloud complex. This is
consistent with the upper limit of 170 pc for the distance to the Ophiuchus cloud complex as estimated
by de Geus et al. (1990). We also conclude that the 1.134 complex and the Ophiuchus complex are related
as suggested by the infrared morphology.
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The dark clouds are readily distinguished as areas of brighter 100 pm emission (Fig. 1 b). The clouds
1,183, 1.134, and 1.169 arc connected by low brightness filamentary structures. The association of MBM
39 and MBM 38 with the main complex is suggested by the connecting cirrus regions. 1.1780 appears
isolated from the emission region around L] 34 and 1.183, and is situated in an empty region between two
larger structures. The lack of surrounding material has also been noticed by Franco (1989) from the
analysis of the color excess of stars. L1780 exhibits a cometary tail pointing in the direction of Upper
Scorpius OB association. We note that the clouds 1.1778 and * ‘feature 2" measured by Clark and Johnson
(1981) correspond 101,1780 and 1.169, respectively, in this study.

The center of the 1.134 complex in the four IKAS bands is presented in Fig. 2. In the immediate
vicinity of the dark clouds 1.183 and L] 34, wc observe a poor correlation between the emission a 12 and
25 pm on the onc hand and 100 pm on the other. Both the 12 and 25 pm images show a a gradual
increase in brightness from North to South. The position of the center of 1.134 is associated with a well
defined emission minimum euncircled by arim of 12 pm emission, Wc see no emission at 12, 25 and 60
pm that can be related to ihe northern region of 1.183 where the ammonia core resides. Most noticeable
at 2S pm isthe rim on the Sk side of 1.134, with acent] ast greater than its counterpart of 12 pm. The 60
pm image shows a good correlation with the 100 pm morphology, butthe correspondence breaks down
in the higher opacity regions.

The infrared maps of the other clouds are displayed in Figs. 3 (1,1780), 4 (MBM 39), and 5 (MBM
38). MBM 39 lies on the edge of an extended emissiontegion with a North-South gradient, Since MBM
38 exhibits no detectable 12 and 2,5 nm emission above the noise level, we have left out its images at
these wavelengths.

We have found no infrared pointsources in the images as well as in the IRAS point source catalog
that could indicate the presence of apotential young stellar object related to the clouds. Strong infrared
point sources in the complex are either COOI stars with a Ji sing spectt um towards shorter wavelengths, or
galaxies peaking at 60 pm.

3.2. Carbon ronoxide survey

The morphology of CO and *CO emission in the inner arca of the L] 34 complex at velocity intervals of
().4 kill/S as well as the contour maps of total integrated emission arc presented in Fig. 6, 7, and 8. The
positions of the ammonia cores inl.134 and 1.183 (Myers and Benson, 1983) have been marked on the
maps.

The carbon monoxide morphology shows some differences with the 100 pm images. At 100 pm, the
emission associated with1.183 appears to be elongated in the N-S direction whereas the CO emission of
the same region is concentrated along a bar o:filamentthatrunsinthe E-W direction. At position
RA=15"53"20°, Dcc=—2°35" in the velocity interval v=0.6- >1.8 km/s, CO emission has been detected that
has no obvious counterparts in the infrared and in *CO. Several CO cloud components (or clumps) can
be discerned at different velocities in the 1.134 complex. Both the elongated feature associated with 1.183
as well as 1.134 exhibit a number of local emission peaks.

The position of the ammonia cores in 1.183 and1.134 cannel easily be predicted On the basis of the
CO or ®CO maps aone. The®CO emission maxima in both 1,134 and 1,183 appear to be several
arcminutes south of the dense cores. The integrated intensity maps (Fig. 8) suggest that the densest regions
in the clouds arc notin the center but on the edges of the structures detected in either CO or *CO.
The velocity maps (Figs. 6 and 7) exhibit a systematic velocity variation over the complex: the lower ve-
locity features arc situated on the e.astern side, and appear to consist Of smaller clumps scattered Over a
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larger area

The line integrated emission of three isolated *CO clouds are givenin Fig. 9 (1.1780), Fig. 10(MBM
39) and Fig.]11 (MBM 38). 1.1780 has a regular morphology especialy in *CO where it has only one
narrow velocity component (AV=0.6 km/s). The other clouds consist of several distinct components. The
three smaller clouds clearly show that *CO peaks at positions different from those detected in CO. In
addition, comparison between the *CO and CO contours shows evidence that the PCO contours arc
systematically displaced in the NW direction.

4. Analysis

4.1. Radiation Field

in (his section we describe the radiation field in 1.134 using distance estimates of the cloud complex and
nearby 011 associations. We onl y consider the UV component of the interstellar radiation field (ISRF) as
the other emission components arc more uniformly dists ibuted on linear scales of a fcw hundred pc
(Habing 1968, Mathis ctal.1983).

Analysis by Blaauw (1991) of the 3 dimensional distribution of (he OB associations within 1.5 kpc
from the sun indicates that the 1.134 complex with a :-height of 65 pc is situated above all local
associations. Apart from Upper Scorpius, all near by associations such as Ori-1, Per-2, and Lac-1, arc
situated below the plane of the Galaxy. In addition, these associations are at least 500 pc away from L] 34.
The study by Blaauw confirms the suggestion by Mattila (1986) that the UV field in 1.134 comes mainly
from onc direction,

The nearest dominant UV sources are the Upper Scor pi us OB association at a heliocentric distance
of d,=158 pc and the 09.5V star { Oph at d,=228 pc (dc Geus, de Zeeuw & Lub, 1989). The distances
indicate that both sources arc situated behind the L134 complex (at 110 pc) with separations of 70 pc
between 1,134 and Sco OB2, and 123 pc bet ween 1,134 and £ Oph. Using stellar UV parameters of Habing
(1968) and assuming no extinction from intervening dust wc derive radiation densities of 11,8, and210-'7
crg ecm™A"at 1000, 1400, and 2200 A respectivel y, in the vicinity of 1,134. The derived radiation density
at 1000 A is more than 2 times the canonical value for the general interstellar radiation field at 1000 A
as obtained by Mathis ct al. (1983; 4.9 10 " erg cinA" at 1000 A).

The visual extinction towards { Oph and 8 Sco (member of Sco OB2) is ().9 and ().5, respectively (dc
Geus 1990). From these numbers wc estimate a visual extinction between the UV sources and the 1.134
complex of at most 0.5 msg. Depending on the UV grain albedo and the far-UV extinction properties
(e.g. Savage & Mathis, 1979), at most 80% of the UV photons will be absorbed if Ay=0.5 (Habing 1968).

In conclusion, assuming that dust extinction is negligible between the stars and the 1.134 complex, wc
infer that (i) the energy density canbe as high as 3 times the average value of 4,9 1077 erg cm™A™" at
1000 A, if wc add the presence of a diffuse UV component and (ii) the UV field at L134 is anisotropic
with 2 times more radiation from one direction. This radiation is also harder than the general 1SRF.

4.2, Relationships berween CO, Ag, and 1,

Assuming that optical extinction is proportiona to dust column density (Hildebrand, 1983) and that the
same dust component is well mixed with the gas (e.g. Bohlin, Savage. & Drake 1978), we usc A, as an
cstimator of total columm density. Wc have. determined the dependencies of *CO and infrared emission
upon A, for four clouds in the complex: 1.134, 1.183, 1,169, and 1,1780. The regression parameters
obtained from leastsquare fits arc listed in I’able 2.. Inthe fits, we have considered 0 < A, <6 mag, (}IC




higher cutoff for A, has been introduced to avoid large weights to the least certain star count data (sec
discussion by Dickman and Herbst 1990; Laurcijs etal. 1991). Weignored negative values of W,,.Since
the zero level at 100 pm depends on the definition of the background, we did not impose any cutoffs in
the infrared. in the following we write quantities that refer to averages over clouds between brackets.

Correlation diagrams of W,, versus A, arc displayed in Fig. 12. Of the four clouds, 1.1780 has the
lowest degree of correlation with a correlation coefficient R=0.65. Although the scatter in the other objects
is larger than expected from the uncertainties in the individual data points, the correlation diagrams show
no evidence for deviations from linearity for () < A, <6 msg. On the high extinction end, 1.183 shows
aflattening in the relationship. From Table 2 wc infer that the regressions in the three densest clouds do
not significantly differ from each other. A weighted average for 1.134, 1.183, and 1.169 yiclds

W(CO) = (1 410.2)*(A, - (0.430.2)] K km/s, (1)

with A, in msg. The relationship indicates the presence of a minimum extinction above which *CO is
detected. The value of (W, /A,) is smaller in L1780. In addition, little *CO is detected for A,<2 msg.

The CO column densitics, N,;, have been estimated using the 1.T1: analysis described by Dickman
(1978). This method assumes CO opacities much higher than unity so that the excitation temperature can
be derived from the observed 7,*(CO). The *CO column density is obtained by assuming identical
cxcitation temperatures for CO and *CO along each sightiine. To investigate the relationship between Ny,
and total column density, wc have plotted (he ratio N,,/W,, as afunction of Ay in Fig. 13. The value of
N /W,, is actually determined by 7,°(CO) and 7,,"(**CO) in case both lines have identical linewidths. We
have chosen to present the data in this form to investigate systematic variations when assuming LTE. Only
values of W, > 0.3Kkm/s have been taken into account to avoid large random scatter duc to small W,.
The correlations presented in Fig. 13 indicate that N,,/W,; exhibits a gradual increase as a function of
increasing A,. The variation in the trend is at most 20%. I the two clouds with highest opacity, L.183 and
L.1 34, wc observe aturnover: N,,/W , flattens out for A, > 2 mag and decreases with decreasing extinction
for A, < 2 msg. Consequently, we derive the average (N,,/W,,) for each cloud taking those data points
with Ag>2 mag (1'able 3). The averages differ in the four clouds, increasing along with central extinction.
Wc derive the weighted average for Ay>2 mag:

(N/W.y  =(1.3240.07) 10°° e K kin™'s 2
and, in combination with equation (1):
(NN(L)) = (2.340.3) 107, (3)

where wc assumed a constant gas to dust ratio of (N(H,)/A,) = 9.4 10’ cm™mag™' (Bohlin, Savage &
Drake) and A, = A *(R+1)/R with h! = 3.1 being the ratio total to sclective extinction (Savage and Mathis,
1979).

Since the. computation of N,, involves the *CO lincwidth, N,/W s is independent of linewidth.
Consequently, the observed variations in (N,,/W,,) probably arc a resultof variations in the adopted
excitation temperatures derived from 7,(CO). Wc have n icasured the average value of 7,'(CO) in the
regions where A, > 2 msg. These measurements together with the implied excitation temperatures arc
listed in Table 3. The temperatures arc lower for the clouds with lower (N,,/W ).
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The correlation diagrams of / ,, versus A, arc displayed in Fig. 14, and the derived regression
parameters listed in I'able 2. The diagrams of 1.183 and 1.1780 indicate a gradual flattening in the slope
(1,0/Ap SUggesting a decrease of the 100 pm emission inside the clouds. 1.134 and L 169 show no evidence
for a possible flattening between O < A, < 6 mag on the observed scale of 6'.

4.2 Al, and W,,

The analysis of the extended IRAS emission at 60 and 100 pm of 1.134, L] 83, and 1,1780 by lL.aureijs et
al. (1991 ) has pointed outthe existence of sudden variations in the 60 to 100 micron surface brightness
ratio. It has also found that the quantity A/, (defined below) exhibits a good linear correlation with *CO
column density. However, the result was based on *CO data obtained from Snell (1981), which encompass
arelatively small region in 1.183. We therefore repeat the analysis for the main clouds. Following Laureijs
et a. (1991), wc identify the 60 pm deficient regions by subtracting from the 100 pm map an emission
component associated with the emission al 60 pin:

Al R /) MJy/sr, 4

where @ is the ratio /./1,,, in the outer parts of the cloud. The best value of @ minimizes the amount of
cirrus structure in the map of Al,y,. We find ©=0.21£0.02 in all clouds except L1780 where ©=0.2710.04.
The resulting images of Al arc presented in Fig. 15a-d. The similarity with the *CO images (Figs. 8 to
11) is striking.

Pixel to pixel correlation diagrams between A/, and W, for the four main clouds are presented in
Fig. 16. The regression parameters obtained from the correlations between Al,,, and Ay as well as A/,
and W,;, have been included in Table 2. The diagrams exhibit tight relationships with correlation
coefficients in excess of 0.82. The correlations in 1.183, L] 34, and 1.169 arc to good approximation linear
confirming the results of Laureijsetal. (19191 ). ‘f’he parameters of the fitted regression lines (Table 2)
show that (AZ,,/W,,) in these clouds arc similar within the uncertainties. There is marginal evidence for
asmall threshold brightness A7,,, below which no *CO is detected. The weighted average for these three
clouds yields:

Al = (1 4310 .08)[W,, - (0.3£0.2)] MJy/sr. (5)

Again, L] 780 is significantly different from the other clouds, with (Al,,/W;)=5.310.4 MJy/st/(Kkm/s),
afactor 3.7 greater (corresponding to several sigina) than the average value given in equation (5). Also,
the correlation diagram for 1,1780 indicates a non-linear relationship suggesting a stronger increase in Wy,
with increasing Al y. Although (A7,,/W,,) depends also upon ©, the higher ® in L1 780 cannot account
for the discrepancy. Taking ©=0.21 for 1,1780 yields (Al,,/W,,) = 4.1*0.7 MJy/sr/(Kkm/s) which is still
a factor 3higher than in the. other regions.

In ‘1 able 2 we list the regression coefficients for Al,,, versus A,. The ratios (Al,,/A,) for all clouds
including 1,1780 arc consistent within the uncertainties. The weighted average

Al = (1.940.2) [4;~(0.310.2)]  MJy/sr, (6)

indicates that Al,,, is only detectable above a threshold extinction of A= 0.3 mag. This value is closc to
the threshold found for W,, versus A, (cf eq. [1]). The fact that (Al ,/A,)in 1,1780 is not peculiar as
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opposed to Al,,/W,, provides additional cvidence thatthe deviation mustbe due to an anomalously low
content of *CO emission in 1.1780 itself.

44. Global density distributions

Correlation diagrams have the disadvantage that they contain limited information about the brightness
distributions of tracers. Extinction is a suitable probe 10 analyze the global density distributions of the
main clouds duc 10 its proportionality with column density. Since the clouds arc sampled by pixels of
equal size, column density profiles can be obtained by creating the cumulative pixel distribution as a
function of decreasing extinction. The number of pixels at each value of A, can be related to an area, and
hence converted into an equivalent radius by assuming a regular cloud geometry. The distribution is
normalized by dividing by the total number of pixels for the abscissa and by dividing by the upper 10"
percentile brightness for the ordinate. For comparison, the distributions of *CO, Al,4, and 1,4, have been
analyzed by using the same method. As an example wc present the sorted data points for L183 in Fig. 17.
Assuming spherical symmetry, we have fitted a power law density distribution (0 the observed extinction
profile in Fig. 17.

The reliability of the analysis has been investigated by carrying out simulations in which noise was
added to idealized profiles. We find that 1 ow signal 10 noise data (s/n < 1 ()) [end to steepen the profiles
at (Lic ends as the high and low noise excursions will be sorted into the high and low bins, respectively.
However, even a low signal to noise ratio of less than 6 for the maximum brightness vatue has little effect
on the initial density distribution as the slope (in log-log space) remains the same over a large fraction of
the profile.

Fig. 17 shows that the extinction profile of 1,183 closely resemblesthe functional form of an r~
density distribution. The 100 pm profile can be matched with a shallower distribution. The extinction
profile is steeper at the high extinction end which is most likely due to the higher uncertainties in the
extinction data. The results for the main clouds arc listed in ‘1'able 4. The fitting procedure has been
performed in log-log space. The exponents of the density distributions show relatively little variation, all
lying between -1.1 and -1 ,6. The extinction profiles for 1.169 and 1.183 arc nearly identical whereas both
1.134 and 1.1 780 have a significantly lower exponent. Similar to the profilesofL183, the 100pm profiles
of the other clouds show a more gradual decline with increasing area. In contrast to the extinction and far-
infrared profiles, CO brightness distributions in 1,134, 1,169, and L] 83 do not show much evidence for
asingle power-law density distribution. The profiles exhibit a shallow distribution for roughly the brightest
50 7o of the area (exponents spanning a range from -0.5 to -1 ,5) and the profiles steepen in the outer
regions resembling an r*density distribution. The >CO profile of 1.183 in Fig. 17 is a typica example.
Only in 1.1 780, the BCO profile can be fitted with an r* density distribution over its entire region.
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4.5. BCO versus C'%0
Among other parameters, the strength and direction of the radiation field affect the emission of carbon
monoxide by means of photo-dissociation of the molccule. Since! “CO and C'®O have different
abundances, self-shielding occurs at different depths making the ratio W,,/W,, a diagnostic for the
penetration depth of the UV field. The values for W, /w . in 1.134 and 1,183 as a function of Ay have been
plotted in Fig. 18.

The data in Fig.18. show that W,,/W,, exhibits a broad range of possible values for each extinction
value along the line of sight. The large span of ratios at a given A, can be attributed to the  displacement
of the *CO morphology with respect to that of C**0O. This cffectis illustrated in Fig. 19d (see also section
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4.6. below). The distributions of the data pointsfor 1.134 and L] 83 are similar: (1ic highest ratios W /W,
are distributed around Ay, = 4 msg.

Following the work by van Dishoeck & Black (1 988 we define the column density ratio RN
normalized by the relative abundances of the isotopes

RN = Ny/Ny$* [C)/(PCY*( *O)(0] Y

where the brackets denote the absolute abundances of the atomic species. In the idealized case, the value
of Ry should approach unity in high opacity regions where UV starlight is absent. We have adopted
abundance ratios of [C}/["*C]=45 and [0]/| '*0]=500, in accordance with the values used by van Dishoeck
and Black. The C'®0 integrated intensity has been cent’ erted to column density using the relationship
presented by Swade (1989b)

Ny = 8.27 10" W, cm?, (8)

where an excitation temperature of 9 K was assumed to compute the fractional population density in the
J=1-0 state under LTE conditions. To convert W,,to N ,,wc applied the averaged observed value for
N /W ,givenin eqn (4.2.2.). Thisway the ratio W,,/W,, is proportional to Ry. The valuesfor RN are given
on the right vertical axis in Fig.18. We see that &, comes closc to unity for A, >6 mag. The maximum
observed value of R, is about 4.

4.6. WV Anisotropy

In Fig. 19 arc plotted the variations of the different traceis along a slice through the center of 1.134. The
orientation of the slice has been chosen in such a way that it approximately points to the direction of the
Sco 0B2 association. The radiation field is expected to decrease monotonically towards positive offsets
along the dlice with the maximum possible contrast. The center of the slice (position O) is about 1' south
of the position of the ammonia core (at RA=15"51"00", | >ec=—4°30") listed by Benson & Myers (1989).
The variation of A whichisthe best column density tracer independent of the UV radiation field, is given
in panel c. The extinction at O’ is a lower limit.

The variations of 1, and I, arc presented in Fig 19a. The zero level of the slices with respect to 1.134
is uncertain to about 0.2 MJy/sr. An emission minimum is observed at position O accompanied by two
peaks on either side. The maximum on the illuminated side (i.e. the SE side) peaks at Az =2 mag and is
amost t wicc as bright as the peak on the shadow side which occurs at A,<1 msg. The 12 and 25 pm
emission remains relatively high (0.2-0.3 MJy/sr above the lowest brightness point) at positions well
outside the densest regions of the cloud where A isless thanimsg. On the illuminated side the 12 and
25 pm emission extends to more than 10 away from the cloud center, whereas on the shadow side the
emission drops below 0.1 MJy/sr at 40" from the cente:. Thus /,, and 7, are both brighter and more
extended on the side of the cloud which faces the UV field.

The emission at 60 and 100 pm declines rapidly away from the cloud’'s center (Fig 19b). The 100 pm
emission exhibit a peak at —1 3’, well away from the ammonia core, but a loca maximum can be
distinguished at position O. The maximum of /, is aso on the illuminated side. The striking drop in /g
at —17" was reported by Laureijset al. (1 991). On the shadow side of the cloud there is little 60 pm
emission and no evidence for asecondary emission peak asseen at 12 aud 2,5 pm. The difference bet ween
the 60 and 100 pm slices defines Al and is presented panel c. The profile of Al,,, is similar to the
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extinction profile and has a second peak at the ammonia core.

Of the three far-infrared brightness ratios shown in panel f, the ratio /,,/1,5 is the most constant. /,,//,
iscverywhere closcto 1.0; high excursions at positions --4’ and +8 have high uncertainties duc to the low
surface brightness values at 12 and 25 pm. Both other 1atios, 1,,/1,4, a0d 1e /1,4, ShOw a dip in the cloud
center. None of the three ratios exhibit an obvious dependence on the direction of the radiation field. The
samec is observed for 7,,/A, (Fig.19g). Although there is a clear minimum at the position of the ammonia
core, the ratio resumes a value of 4-6 Mly/sr/mag in the outer regions at both sides of the cloud. However,
Al /A, exhibits a gradual increase towards the shadow side.

The morphologies of CO, *CO and C'*0O are markedly different from each other (Fig. 19c). CO peaks
at the same position as the 100 ym emission and shows no evidence for the presence of the ammonia core.
The same is observed in >CO, the peak in the *CO distribution occurs a a somewhat higher extinction,
The ammonia core lies on the declining flanks of the CO and *CO profiles' on the shadow side of the
cloud. In contrast, C'*O peaks closely to the ammonia core. Consequently, W,,/W . (Fig. 19h) is high on
the illuminated side and remains low on the shadow side. The ratio displays a maximum of 23 around
-11', a sharp drop to a minimum of 4 at 2 and a small local maximum at 8'.

Wc have plotted 7;°(CO) in Fig. 19d to obtain an in:pression of the variation of the gas temperature
along the dlice. Presumably, CO is not optically thick for offsets less than --12' and greater than 9. From
position -20'10 +10’, 73, (CO) gradually decreases from about 16 K to 10 K. Assuming the CO optically
thick and thermalized in these regions, wc infer that the kinetic temperature of the gas correspondingly
should drop 7 K, from 20 K on the bright side down to 13 K onthe shadow side of the cloud. The drop
in 7y is Icss steep than the decline in W, indicating that the lines are both weaker and narrower on the
shadow side of the cloud.

A dlice through the translucent cloud 1.1780 with the same orientation as that of 1.134 has been plotted
in Fig. 20, to investigate the differences between the tracers in case the cloud’'s central opacity is low
(center Ag=4.4 mag). Wc observe qualitatively similar variations in 1.1 780 as for 1.1 34, the difference is
that the center of L1780 is not sufficiently dense and opaque to give 1ise to strong C'*O and detectable
ammonia emission. Compared with L.134 and L] 83, the infrared emission in L1780 is significantly
brighter al 25,60, and 100 pm. The 60 and 100 pm profiles arc asymmetric and peak at the same position
as the carbon monoxide lines. The infrared brightness ratios (panel f) /,,/1,; and I¢/I,o, decline towards the
shadow side and there is no indication that they return to their initial value. This is probably duc to the
strong decline in infrared emission on the shadow side which indicates a complete absence of an extended
diffuse cloud layer which is still present in the outher regions of 1.1 34.

The CO emission in L] 780 is weaker than the corresponding slices in 1,134. In contrast to 1-134 the
profile of T,,"(CO)in L1780 is highly symmetric. However, the lines arc nan owcr on the shadow side (cf.
Wy, and 7,,°(CO) in Figs. 20c and d, resp.).

in conclusion, the asymmetric profiles of 7*(CO) and W, yW  in L] 34 indicate anisotropic
illumination by the external UV field. The molecular lines arc narrower on the shadow side of 1.134 and
1.1780. The infrared brightness profilesin L] 34 and 1.1780 arc consistent with the notion that the clouds
have a larger extended diffuse layer on the illuminated side.

4.7.  Propel-ticsof YCO Clumps

The velocit y maps displayed in Fig. 7 indicate the presence of individual cloud components which could
be isolated both in velocity and map space. We analyze these clumps to probe both their interiors as well
as the medium in which they arc immersed. Since the clumps arc all at the. same distance, a sample can
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be constructed 011 a well-defined size and luminosity scale.

Maps of *CO with 0.4 km/s velocity separatjon, 3x3 arcmin sampling, and smoothed (0 an cffective
resolution of 3’4 arcmin were used, Analogous to the procedure of Solomon et al. (1987), we define
clumps as topologically closed surfaces of constant antenna temperature 73" in x,y,v space in which T*
exceeds a given threshold temperature. This definition allows more than onc emission maximum within
aclump boundary. A threshold temperature of 7, '=1.6 K has been adopted because this temperature yields
the highest number of individual clumps. Higher threshold temperatures ignore a significant fraction of
the weaker clumps, whereas lower temperatures cause a stronger blending between the features. A
temperature of 1.6 K corresponds [0 about 4 times the r.m.s. noise per pixel in the velocity maps. A fcw
clouds, notably the filaments in L] 69 show blending just above the threshold level. Since separate clumps
could clearly be distinguished within these clouds, we have splitthe features along the borders of
minimum emission. The majority of the clumps have sharp edges in “CO. This is confirmed by the
average 7' of a clump which gencerally exceeds 2.0 K, well above the threshold temperature.

We determined the area § of a clump by projecting it onto the x,y-plane. The equivalent radius R, is
derived from the usual expression §=nR, 2 Let W(v) = [T, '(v)ds be the *CO emission integrated over
the area S(v) in a particular velocity interval. The velocity width AV is determined from

AV = 0.94 3, w(v)/ max(w(v)) km/s, 9)

where max(w(v)) is the peak integrated emission, the factor 0.94 makes AV equivalent to the FWHM of
a gaussian profile. By adopting this method we only consider the velocity contribution of the material
associated with 7.* > 1.6 K to determine AV. The velocity of a clump is calculated from the intensity
weighted mean

1% =2, v w(v) [ 2, w(v) km/s. (lo)

The position of a clump has been determined from the emission centroid in the channel centered on V.
The CO and BCO temperatures of a clump have been estimated from the temperature averaged over the
area in the same velocity channel.

Assuming optically thick CO lines wc derive the mean kinetic temperature, Ty, of a clump by
measuring the average CO temperature in the area at peak velocity. This parameter is then used to
compute the thermal velocity dispersion for the mean particle, o,,,, which is higher than the dispersion
of the relatively massive trace molecule (c.g. Myers 1983):

Clf = kTy(1/m,, —1/m ;) (km/s)’, (12)

gas
where & is Bolzmann’s constant, m,, and m,,, arc the masses of a>CO molecule (29 a.m.u.) and the
average mass of a gas particle (7/3 am. u.), respectively.

The mass of a clump can be derived by considering a linear regression between A, and W, as
observed in 1,134, 1.169, and 1.183. Assuming that equation (1) applies to the clumps, then the mass of
aclump is proportional to L("*CO):

M, =(9.740.3) 1(°CO) Mo 12
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where L("*CO) is expressed in units of Kkm/s pe?.

We have determined a total of 18 clumps, the measured quantitics and the derived parameters arc
presented in Tables 5a and 5t3, respectively. The size-CO-luminosity relationship as well as the size-
linewidth relationship for the 1.134 complex of clouds arc displayed in Figs. 21a and b. We observe clear
correlations in both relationships. Least squares fits in log-log space with R, (in units of pc) as the
independent x-variable yield the following regressions:

AV = (1.810.4)* R 031000 km/s, (13)
and
L.('CO) (1 242)* pyestsocs K km/s pc?, (14)
or
M, “(1.2¢0.2) 10° * R (2583006 M, (15
©q

with correlation cocfficients Rl of 0.89 and 0.99, respectively. Equations (12) and (14) have been
combined to obtain equation (1 5), the six-mass relationship. The. total mass contained in the *CO clumps
is 80 M, with 40% of the mass in the two clumps associated with the ammonia cores.

5. Interpretation

5.1 CO column density
The comparison between >CO column density and extinction (sect. 4.2) yields an average ratio

(NJA)  =(24103) 10" cm™mag’, (16)

which is in agreement with previous determinations of this ratio (Bachiller and Cernicharo, 1986).
Dickman & Herbst (1 990) found a similar result for the p-Oph region, (N,,/A,)=(2.240.1)10"* cm-bag-I,
using a similar CC) analysis but extinction data obtained from photographic plates taken in the N band
(A=8000 A). In view of thc uncertaintics in the conversion from starcountsto extinction and subsequently
to A,, which arc difficult to quantify, the two results arc in good agreement. Since Dickman & Herbst
measured the relationship in very obscured regions up 10 A,=15mag, whereas our result strictly derives
from relatively low extinction regions (1.5<A,<5mag) we infer thatthe ratio applies (o a large range of
column densities. As noted in section 3.1, the p-Oph complex is associated with the 1.134 complex of
clouds suggesting that the CO isotopic composition in both complexcs is similar.

The value for the threshold extinction (A,=0.310.1 mag) determined from the correlation between Ay
and W, islower than the threshold found by Dickman & Herbst from the regression in A, versus N,
(A,=1.4240 .40 mag). The drop in N,/W,, with decreasing Ay (sect. 4.2) could raise the threshold but not
enough to explain the difference. 1t is more likely thatthe discrepancy is due to the fact that we did not
include the low density material in which the clouds 1.134, 1,169, and L] &3 arc embedded (sect. 3.1). The
star counts do not trace large scale offscts at low level, because the limited size of the photographic plate
forced the reference field (which defines the zerolevel) to lic inside the extended structure. The
photometric measurements by Franco (1 989) suggest £(b-y)=0.2 for the halo, which corresponds to
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A=0.8 mag adopting the conversion given by Crawfort & Mandwewala (1 976), F(b—y)=0.74E(B-V) for
R=3.1. Thus the "CO regions in the densest clouds are only detectable above a threshold extinction of
about A,=1.1mag, in accordance with Dickman & Herbst.

The integrated line intensity is proportional to the total number of emitting molecules along the line
of sight if the line is not saturated and 7, is constant. The correlations between W,y and extinction (Fig
12) arc best fitted by straight lines suggesting that the *CO lines arc indeed optically thin, particularly in
the low extinction regions. At the highest opacity ends in1.134 and 1,183 (A;>6 mag), a flattening in the
relationship occurs. As discussed in the following sections, the. high opacity regions reside in the WV
shielded parts of the clouds. The flattening therefore is likely duc to a combination of a lower excitation
temperature and saturation of the CO lines in the high opacity cloud centers.

At the low extinction end, the analysis of N,;/W,,(scct. 4.’2) implies subtle differences between
correlation diagrams of W,, versus A, and N,, versus A,.Becal’CO islikely to be optically thin for
Ay<2 mag, the diagrams in Fig.13 indicate that N, is systematically underestimated by at most 20% at
the low extinction edges of dense clouds.

The underestimation might be duc to alow CO opacity so that the. CO brightness temperature does
not reflect the excitation temperature. However, the CO optical depths obtained by multiplying the “CO
optical depths by the abundance ratio [C)/{*C] (i.e. 1(CO)= -4 SIn[1-T}"(PCO)/T"( CO))) indicate optically
thick CO emission for any sightline where “CO has been detected. An alternative explanation for the
underestimation would be the presence of unresolved structures with a low beam filling factor in addition
10 a resolved diffuse cloud component. The observed CO temperatures will be lower but opacity estimates
are less affected as these are derived from temperature ratios.

The average CO temperatures for A,>2 mag (Table 3) for 1.1 34,1.183, and 1,169 arc nearly equal. The
inferred excitation temperat ures are about 15 K. The constancy of the excitat ion temperat ure for A,> 2
mag indicates (hat the CO lines arc optically thick and thermalized.

1.1 780 exhibits different properties. In Table 3 the value for 7,, in L1780 is lower but the temperature
variation along the slice in Fig. 19d indicates that CO has not reached saturation in this cloud. Thus the
derived T, isunderestimated from the brightness temperature. The ratio W,,/Ag (Table 2) shows that the
CO content in 1...1780 is low (cf Figs. 12 and 13). This is supported by Al,,/A, Which is comparable to
the ratio in the other clouds, whereas Al,,/W,; iS almost afactor 4 larger. Using the values of Table 3 wc
derive an average value of

N JAy = (0.540.2) 10" Ay < 3.3 mag, (17)

which is about a factor 4 lower than (5.1.1). The lower *CO content of 1.1780 is likely associated with
the relatively low opacity of 1,1 780. The UV radiation field can penetrate into a large volume fraction of
the cloud thereby photo-dissociating a fraction of the **C(» in the very cloud center.

From the observations we conclude that PCO is a good estimator of column density, and that
(N,3/N(H,)) settles to a unique value in regions that are completely opaque to UV radiation such as L134,
1.183, 1.169 and the dense Ophiuchus clouds studied by Dickman & Herbst. The value for (N,/N(H,)) is
substantially lower in low opacity clouds not embedded in anextended stiucture, as is the case for 1.1780.

5.2. Bcoicto
Comparison of the observed ratio W,,/W,, for 1.183 and 1.134 (¥ig. 1$) with theoretical predictions such
as those published by van Dishoeck & Black (1988) 1eveals several noticeable aspects:
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1. According to Fig.18the observed peak in Ry is at Az=4 mag (A+3.0 mag). This trandates to a total
visual extinction of A,=3.0+0.8=3.8mag, if weinclude the extinction contribution of the filament in which
the clouds arc embedded. The model calculations predict the peak in Ry, to occur at A <l mag in the case
of a plane parallel cloud and a norms] 1SRF. The actual gcometry of the cloud could increase the
extinction value at peak W,,/W . (Glassgold, Huggins & ].anger 1985), but considering the observed global
density distributions (#~'?) found in section 4.4., we expect a most a factor 2 and not a factor 4
discrepancy.

2. The maximum value of R, isabout 4.2. Assuming a carbon depletion factor of 0.4 (i.e. 40% of the
cosmic carbon abundance in the gas phase), Van Dishocck & Black predict peak values of kRy=10 and 20
for 7,=50 and 15 K, respectively. However, our observations (Table. 3) rule out kinetic temperatures that
arc much higher than 15 K, suggesting that the predicted peak in Ry is too high by a factor 5 or more.

3. If the peak in Ry is caused by fractionation. the observed low ratios over the whole range of A,
suggest that fractionation is much less pronounced on the shadow side of the clouds. This effect is aso
demonstrated in Fig. 19} 1. A lower Kkinetic temperature on the shadow side. of the clouds would in theory
increase Ky, since fractionation of *CO causes the peak to rise when the kinetic temperature is lowered.
Wc conclude that the low ratio must be duc o a combination of the lower UV field, a high carbon
depletion, and a sleep density gradient which makes a possible fractionation peak unresolvable.

Van Dishoeck & Black pointed out that an increasc in the strength of the UV field lowers the peak
Ry and shifts it towards higher opacities. Although the radiation field in the complex is higher than
average (Sect. 4. 1.), this mechanism can only partly explain the observations as the peak is not predicted
to decreasc to a value as low as observed. Alternatively, a higher carbon depiction lowers the peak
proportional to the depletion, and shifts the peak towards higher opacities duc to the reduced UV shielding
by molecules. A quantitative comparison with the modcls shows that a carbon depletion factor of about
0.1 (as opposed to a standard value of 0.4) is necessary to match the models with the observations. A
similar value of the carbon depletion factor is inferred by van Dishoeck & Black from *CO observations
near p-Oph.

A carbon depletion factor of 0.1 as an interpretation for the general shape of Fig. 18, is consistent with
the derived value for N,/N(H,) in equation (3). Taking [C]/["*C]=:45, a carbon abundance of [C}=4.68107*,
and assuming that all molecular carbon originates from gas phase cat bon atoms, we derive a gas phase
carbon abundance of 0.1. Onc should keep in nind that the consistency might bc fortuitous: firstly, the
assumed value of [C}/["’C] is subject to debate and could be twice as much (Crane, Hegyi & Lambert
1991 ), and, secondly, the ratio N,,/N(H,) is likely to be non-uniform along the line of sight.

The diagram of W /W, versus A (¥ig. 18) is similar to the onc presented by Langer c( al. (1989) who
plotied Ry as afunction of N,;inthe analysis of dark cloud B5, The large variation of Ry in their diagram
also suggests that the radiation field in BS is far from isotropic although the irregular geometry of BS
might contribute to an enhanced scatter.

In conclusion, the relationship between W,,/W,, and A in both 1,134 and 1.183 is consistent with a
carbon depletion of 0.1. possibly combined with an c¢nhanced radiation field. The anisotropy of the
radiation field increases the scatter in W, /W, at a given A},.

5.3 Dust Temperatures

Any realistic dust model predicts dust equilibrium temperatures 7, of less than 18 K for the large grains
exposed to the general ISRF (sce e.g. Draine 1990). This means that the corresponding ratio /g4, must
be less than about 0.06. AS 1,//,4 iSabout 0.2 o1 larger for the diffuse interstellar medium, a large fraction
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of the 60 pm c¢mission must be due to adifferent dust component. Thus A/, as defined in equation (4)
corresponds to the regions where the emission from dust other (ban the large grains is absent.

The pixel to pixel correlations between Al and A, (not shown) exhibit no strong deviations from
linearity. The correlation coefficients for (Al,,/A,) do not differ greatly from those of (/,,/Ag) (Table 2).
The values of (Al,,/A,) obtained from regression analysis are similar for all clouds in this study, including
1.1780. Since A, is proportional to column density, this result suggests that Al,, is a good column density
tracer for Ag< 6 msg. Since the infrared emission depends not only on the total column density but also
on the temperature of the grains, the constancy of the mean ratio (Al,,/A;) amongst clouds implies that
the dust temperature giving rise to Al,,, has the same value from cloud to cloud.

The ratio A/,,/A, shows a gradual increase towardsthe shadow sides of 1,134 and 1.1780 (sect 4.6).
This means that either the emissivity of the A/, regions is higher at100 pm or that the amount of very
cold dust with respect to the warmer dust associated with I, along the line of sight increases towards the
shadow side of the cloud. The first interpretation would imply that the dust is warmer on the shadow side
of the cloud, contradicting the other observations. The second explanation is more likely and implies that
(i.) the more diffuse and warmer dust is much more extended at the UV side of the cloud, and (ii.) the
straight ratio Al,,/A, (i.c. not the average ratio obtained from regression analysis) is a poor tracer of
temperature variations but a good tracer of column density in regions associated with Al .

The absence of 60 pm emission in the Al regions yields an upper limit of 74 < 15 K (assuming a
A 'emissivity; stecper emissivities yield lower T,) for the dust associated wi(h Al,y, (Laureijs et al. 1991 ).
An alternative temperature constraint for the regions sampled by A/, IS provided by the gas kinetic tem-
perature 7. Atsufficiently high densities, CO will be ther realized and 7, becomes identical to 7,. Model
calculations by Falgarone & Puget (1985) who included in their calculations a density distribution and the
cooling by dust, predict that 7,<7, in regions with densities of order 103-104 c¢m™. In those regions the
UV field is sufficiently diminished making it unable to neat the gas efficiently through photoionization
whereas the densitics arc stilltoo low for effective heating by the dust. Thus the gas kinetic temperature
should serve as a lower limit for the dust temperature. Excluding 1,1780, we find T,=14-17 K for the
densest clouds (Table 3). From the *CO clumps wc estimate a typical density of 10* cm®(Table 5b) for
the regions related 10 A/, The observed 7, and the upper limit 7,<1 5 K suggests that the physical dust
temperature must be close to 15 K in regions Of Al . This conclusion was also reached by ILaureijs ct
al. (1991 ) based upon other reasons.

The absence of strong 100 pm emission associated with the ammonia core in 1.134 (Fig. 19b) suggests
adust temperature lower than the 7, in regions of Al,,. Asindicated by the CO temperatures in Fig. 19,
T, drops accordingly.

5.4. Infrared colors and the radiation field

Theratio {4/1,4 in 1.1780 is higher than in the other clouds (0.27 as opposed to 0.22). According to model
calculations by Déserteta. (1990) this ratio can be realized by scaling the UV part of the radiation field
(0.09 12< A <0.30 pm) to 4 times the Mathisct a. (1983) ISRF. This result agrees with the predicted
strength of the radiation field derived from the tJV sources ncarthe 1,134 complex (sect. 4.1). The UV
enhancement would also affect the 100 pm emission. The corresponding predicted value of 1,,/Ay is 60
Mly/st/mag. The observed valuc of (7,,/A)in 1,1780 is an order of magnitude lower (5.940.5
MJy/sr/mag), but the 7,4, vS A, correlation diagram dots not rule out an initial slope of 60 MJy/sr/mag
for A,< 1 mag where all UV absorption should take place (Fig.14). Thus as indicated by the infrared
maps and confirmed by /1,//,,,. there is little o1 no dust between the heating sources and L] 780. The
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diftuse extended region surrounding the other clouds is sufficient to decrease the strength of the UV
component with a factor 4 or more since I//,,, in the other clouds is normal. This decrease is consistent
with the total extinction of the extended region (A,=0.8 mag,scct. 5.1)

The 25 pm emission in 1.1780 along the slice displayed in Fig. 20a indicates a distribution different
from /,, and more related to I, Support for this observation is provided by /12/las (Fig. 20f) which is on
average lower [ban in 1.134 and shows a significant decrease from ().8 to 0.4 on the shadow side of 1.1780.
Thus I,,in 1,1780 has a mixed character: it displays properties seen in both the 12 and the 60 pm IRAS
bands. The mixed character is qualitatively consistent with the three component grain model of Désert et
al. (1990) where an attenuation of the ISRF through a slab of A,=1mag causes a drop from 0.83 to 0.62
in 1,y/1,,. This is dueto arelatively stronger emissivity of the very small grain component which is
predominant in the 60 pm band.

5.5 Clumps and Stability

Both the exponent as well as the scaling constant in the observed size-linewidth relationship arc in
agreement with previous studies of dark clouds (I.cung et al. 1982; Myers 1983) and giant molecular
clouds (Solomon et a. 198’ 7; Scoville and Good 1989), despite the fact that these studies involve different
trace molecules and different clump definitions. All these studies have in common that they impose a fixed
brightness to define the boundaries of the clumps. Theagreement suggests that the size-linewidth
relationship is scale free, i.e. there isno unique boundary in the cloud for which the relationship holds.

observations of *CO clumps in a quiescent region in the Cep 0133 molecular cloud by Carr (1987)
have indicated a size linewidth relationship with an exponent of 0.24, but the correlation coefficient (0.58)
found by Carr islower that ours. Combination with our data shows thatthe smaller clumps in Carr’s
sample have systematically higher values for AV. This may be attributed to the coarser velocity resolution
(Av=0.8 km/s) used by Carr. We therefore believe that the size-linewidth relationships in the two ‘*CO
datasets arc not different. "

The exponent in the size-lurninosity relationship (eq. [1 4]) isin excellent agreement with the exponent
in the size-mass relationship obtained by Carr (1987; exponent=2.514 0.06) in Cep 0B3 and Casoli et al.
(1984) in Orion and Perseus. Malony (1989) pointed out that such a power law could easily be explained
if one considers the empirical size-linewidth law and the fact that the temperature of the CO line is nearly
constant. Assuming L("*CO)«<R_ <T,>AV and substituting AV o R,**, WC obtain L(**CO) e« R 2*<I>
which isin accordance with the observations.

As a conseguence, studies that find a significantly different exponent in the size-linewidth relationship,
will obtain a different size-luminosity (or siz,e-density) relationship. The observations of the Ophiuchus
dark cloud complex by Loren (1989a, b) show evidence that the sizes of the clumps are poorly correlated
withlinewidth. Moreover, Loren finds masses that arc prop ortional to R, *, which implies that the density
in the *CO clumpsis constant. The fundamental difference between our measurements and those of Loren
is that 1.oren did not permit more than two emission peaks in one clump except in regions where the ‘°C0
lines show high optical depths. This requirement relaxes the constraint of a fixed boundary level as the
boundaries were defined by following the minimal temperature contour. His method tends to minimize
the velocity width of the most massive clumps (according to our definition) by splitting these into smaller
entitics.

The stability of the clumps can be analyzed by evaluating the terms that enter into the virial equation
for clouds (Keto & Myers, 1987). The gravitational and turbulent energy of a clump and the surface and
magnetic pressure acting upon a clump arc related via
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from which follows:

GMYR - Mo, *8In2 = pJ/R® erg, (18)
gos 10, Itis assumed that the clumps have an internal density distribution proportional
10 #72. In the second equality wc have lumped together the contributions of the boundary and magnetic
field pressure into asingle parameter, p,, the total pressure. This quantity describes the forces that are
necessary to prevent the clump from expanding.

The values for E,,, and E, . in Table Sb show that the turbulent energy is always larger than the

grav

gravitational energy, and that E.. isat least a factor 8 larger for al but the three most massive clouds.
The empirical relationships given in Section 4.7. yield £, /E,,=0.5R"*, where R isin pc. According to
this expression - when ignoring the pressure term - the *CO clouds are in virial equilibrium if their radii
a"c of order 1 pc or larger.

The observed linewidths arc predominantly duc to line broadening by turbulence. The values for p,
arc in the range 1-10* - 7.104 cm™K with a median value of 2.104 c¢in’K. The smaller clumps, where
the E,,,, is small compared to £,,,,, have more similar p:essures.

grav

where 0,’= ©

6. Discussion

6.1. Physical conditions inside moderate density regions

The images of Al,,, offer the possibility to “clean” the 100 pm images of the foreground and background
emission regions where the UV field is still present. This hypothesis is supported by the clear correlations
between Al,,, and W, and our analysis in sect. 5.1 which shows that >CO becomes widespread in clouds
only after A exceeds 1.2 msg. Consequently, the 60 pm emission must be anti-correlated with *CO, and
the images of 1, must trace the diffuse UV component which photodissociates *CO. The constancy of
both (Al,,/Ag) and (W,,/A,) indicates that the dust temper ature in the regions of AZ,,, must be reasonably
uniform except in the high opacity regions where A,> 6 msg.

The constancy of (A7,,/W,,) for all clouds except L1780 makes plausible that the physical conditions
arc similar in the regions where Al,,, is significant. These regions are protected from the UV field that
determines the outer cloud conditions which could vary from cloud to cloud duc to local shadowing of
the ISRF. Once inside, the environments in the dense clouds become more similar in temperature,
densities, and ‘°CO abundances. 1..1780 is an intermediate case: according to photometric measurements
the cloud lacks a diffuse halo and the total opacity of the cloud is such that the radiation field is still
affecting the molecular content.

The uniformity of Af,,, implies that temperature vaiiations delineated by changes in (/,0/Ag) Must
occur in the outer cloud regions where I, and therefore the UV field is still present. The tight linear
relationships both for 7,4, versus A, and as well as for A/ 4, Versus A, can be explained by assuming that
the 60 pm deficient regions arc well mixed and relatively small compared to the regions associated with
' density distributions (section 4.4) and the amount of '*CO clumps arc indicative for a
clumpy cloud structure. Exceptions arc the northern tip of 1.183 where the 60 pm deficient region is large

1. The ri—r
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and 1.1780 where we detected only one *CO c-lump. Inthese regions we observe a significant flattening
iN /o0 versus Ay (Fig. 14).

In section S.3. wc argue that the temperature of the dust must be close to that of the gasin the 60 pm
deficient regions (or *CO clouds). The inferred dust temperature is higher than expected from cosmic ray
heating alone, which suggests that dust associated with *CO regions is predominantly heated by the
external radiation field. The clump analysis (section 4.7 and 5.5) has shown that these regions can be
characterized by densities a(11,) of order a fcw times 10° cm®and boundary pressures of order p/k=4 10°
Kcem™,

6.2. The anisotropic UV field: shielding of the dense cores

The molecular, infrared, and the extinction data clearly exhibit a regular pattern in the main clouds L183,
1.134, L] 69, and L] 780. The diffuse material is found to be widespread on the eastern and southern sides
of the clouds, whereas the dense cores are found On the opposite side, due north-cast. The gas temperature
derived from the CO lines shows a gradient along the same direction. The variation of the ratio W,;/W,
is indicative of a nighly anisotropic UV radiation field. These measurements are consistent with the
position of the main UV sources (Sco-OB2 and { Oph) with respect to the 1.134 complex (sect. 4.1). The
alignment along the direction of the UV field of the density gradient arid the major symmetry axes of the
clongated clouds readily suggest a physical connection. In the following wc argue that the position of the
densest regions in L] 34 and L] 83 as well as the morphology of the complex can be explained by the
strength and the direction of the UV field.

A full treatment of the hydrostatic equation of state of a molecular cloud excluding magnetic fields
has been carried out by Falgarone & Puget (1985). In this model, the structure of a cloud can be separated
into three regions: 1. an isothermal core, 2. an intermediate layer in which the density is lower and the
UV shielding is reasonable, and 3. a halo where the gas is heated indirectly by the UV field. The structure
of a condensation depends only on two physical parameters: the central density of the core and the
external UV radiation field. The temperature of the dense core is determined by the temperature of the
dust.

A conseguence of the halo is that it acts as an absorbing layer protecting the core from the external
radiation field. The gas temperature of the core depends on the dust temperature, and is weakly sensitive
to the strength of the UV field. We have seen in the previous section that a similar mechanism governs
the temperature of the dust inside clouds. Substantial variationsin the U V field affect only the outer cloud
regions and the temperature of the central regions is nearly constant for a large range of models.

Although the model by Falgarone & Pugetassumes spherical symmetry and a homogeneous UV
radiation field, wc can use their results to interpret the effects of an ai Isotropic radiation field. The size
of the halo is a sensitive function of the strength of the U V field. The weaker the strength of the UV field,
the smaller the halo becomes (cf Fig. 7 in FP).1tis found that the halo will be almost absent in case the
UV field is attenuated with afactor ¢’ with 1=3.8,leaving the core exposed. In the case of an anisotropic
radiation field, wc therefore would expect a larger halo in the direction of the UV field. Such a
configuration is typical (othe individual clouds in the1.134 complex. The slices displayed in Figs. 19 and
20 clearly show a decrease in density and anincrease in velocity dispersion in the direction of the UV
field. InL] 34 and 1.1780 the lower density regions are about twice as extended on the UV side duc to
the lack of a strong UV field on the shadow sides of the clouds. This mechanism offers a natural
Explanation for (he location of the dense regions in L] 83, 1.134 and 1,1780 inthe NW corner of the
clouds.
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The infrared morphology of the clouds at 60 and 100 pm is such that they appear elongated in the
direction of the radiation field with the densest regions on the shadow side. The absence of an halo causes
a higher density contrast on the shadow side. Since the¢ heating sources are situated behind the L] 34
complex (sect. 4.1), the shadow side with the ammonia cores are nearest to us, whereas the extended halo
should be on the far end of the complex. Although the morphologic arc not as regularly defined asin the
case of wind driven clouds, the CO and ¥*CO (or 60 and 100 pm) images can be used to determine the
direction of theradiation field acting upon clouds.

9. Conclusions

By analyzing CO, "*CO, C"0, infrared, and extinction data in a number of dark and translucent clouds
in the 1.134 complex wc have obtained the following results.

1. The nearby Upper Scorpius OB association and the star { Oph could enhance the UV radiation field
by a factor 3 as high as 3at 1000 A. The position of these sources is such that the. field is illuminating
the complex from onc side.

2. For 1.134, 1.1 83, and 1,169 the. correlation between *CO integrated emission and A yields a lincar
relationship. The ratios W,,/A, are similar and the average valuc isnot significantly different from other
studies.

3.The **CO emission in the four densest clouds exhibits a good linear correlation with Al,y, (defined in
cg. [4]). This resultimplies that Al,,, traces the same cloud regions as CO. As a consequence, the regions
of strong 60 pm emission delineate regions where the UV field is still present.

4. The density distribution in the four densest clouds as traced in A, and /,, follow roughly exponential
laws. The value of the exponent lies between 0.9 and 1.9.

5. The complex contains at least 18 "*CO clumps. “3“he clumps obey a size-linewidth relationship
consistent with a powerlaw with exponent 0.5, The size-luminosity relationship follows closely a powerlaw
with exponent 2.5. The ambient pressure acting upon the *CO clumps is of order p/k=2x10* Kcm®,

6. Slices throigh1.134 and 1.1780 clearly show that the molecular and infrared emission are correlated
with the anisotropy of the radiation field. The best (racer-s to determine the illuminated and shadow side
of the cloud arc W,/W,, and T(CO): both drop towards the shadow side.

7. The isotropic UV radiation field affects the density distribution in the clouds. The densest regions -
delincated by C'*O and the ammonia cores - are situated on the edges of the shadow sides of the clouds.
The clouds arc defined by the 100 pm, CO, and *CO morphologics.

8. We find a higher density contrast on the shadow side of the clouds which supports the view that
lowering the strength of the UV field causes smaller halos around clouds.
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‘I’able 1: Main Clouds analyzed in this study.

Cloud RA(lE o Il)_e; (19s0)
L134 1_é510()__ B _|_04_30€0*~—~
1>169 154830 “OZ’:B—(_)(—)B -
Li;‘;‘”ﬂ“~~~ 1551 %O ) T —023066'__“;
11780 | 1s3700” T 670000
MBM 39 160300 | +003000

MBM 38 155730 - Mk“——O‘l—éaOO

Data used

IR, CO, *CO, C*Q, A,

IR, CO, CO, A,

IR, CO, *CO, C™*0, A,
IR, C(), PCO, A,

IR, co, “°CO

IR, co, "*CO




Table 2.

Regression parameters for the 4 main clouds
R : Correlation coefficient, N : Number of pixels/spectrainvolved

| Correlation between W, and A,

Correlation between /,,, and A, f

Clowd  WiyA, | Constant : R J N | Tty | Constan RN H
K &m/s/m | mag ‘ | MJy/sr/mag | mag

L183 13403 ‘ 04202 0.82 5‘ 293 | 2.130.6 -03%07 ' 075 } 302 }

, L134 1402 | 04*03 1 0871143 | 2.930.3 02:02 |09 ‘ 178 i

| L169 ‘ 1 .3%0.506:06| 067 | 198 | 3.7207]+03203 | 093 | 259 }j

L1780 041202 | 02805 | 0.65|% | 5905 ; 0020.1 | 092 | 151 |

JH Correlation between A/, and W, f‘ Correlation between A/, and A, |

Cloud MW,y | constant 'R N | AlujA,  Contat R N

‘ Miy/sr/ | Kkays { | 5 MIysrfmag mag ’H'
(Kiemyis) .

| L183 13202 | 0.620.4 i 0.88 | 306 | 1.6*0.3 0.120.4 | 0.82 | 316 ¢

| L134 11.5¢0.1 0.3°0.3 093 | 159 | 2.1+0.3 03:02 | 086 | 178

| L169 15403 0.1£0.5 0.82 | 197 | 17404 | 06104 | 077 | 259

3 11780 5.30.4 -0.1*0.2 092 | 96 | 2.0£0.7 0.30.3 ’ 0.89 | 151




Table 3. Average Parameters for A, > 2 mag

me—————

! Cloud N, Ty M
10* em(K km/s)” | K ]i
I 1183 | 1541 1622 i
L134 1341 1743 ;
‘ 1169 1241 1443 '

| L1780 101 942 |

Table 4. Derived PowerJaw Density Distributions

Tracer
H Cloud Ap ; Iyo
11383 13202 | 09202
| L134 ' 19202 14202
| L169 0.940.2 1.240.2
| arso ‘ 1.6£0.2 1.120.2




Table 5a. Measured Properties of Clumps

|
I
1

dent. | RA. ' Dec. R 3T T. |AV v, L,
' (1950) (1950 | pe | km/s|  km/s | Kkm/s pc?
L1780 153656 | -0702 016 | 112 | 055 & 3.80 0.10
L1832  '1551 42 -03 14 032 154 097 2.0% 0.65
L183b | 155126 ' -0250 | 050 | 134 1.3 2.74 2.45
Li83c 155024 | 0325 | 0.6 | 108 073 2.99 0.13
| L183d 155252 | -0258 | 012' 126 049 | 251 006 |
| L183 1154958 1 -0305 | 020|154 114 225 047
LIS3f | 154838 | 0323 | o027 | 136| 121 | 35 050 |
Lis3g 1154957 0337 | 017! 129| 058 | o4 012 |
L183h 154921  -0329 | 035| 137 | o081 2.60 0.69
L1831 | 154804 | -0356 | 009/ 11.7| 048 2.52 0.03
‘L134a | 155136 | -0434 | 0121180 056 1.13 0.04
' Li34b 155100 | —0436 | 0.48 1145 104 249 226
L134c 15 5024 -0500 | 005]| 11.1] 0.38 2.60 0.01
MBM39a | 160259 | +0033 | 010 | 117 | 058 2.34 0.04
MBM39% | 160329 | +0027 | 0.08 | 104 | 057 2.86 0.02
MBM38a | 155747 | -0119 | 009| 9.7 | 058 0.86 0.02
MBM38b | 155718 | -0132 | 019 | 128 | 0.54 112 0.11
MBM38c | 155635 | -0137 | 008 | 102 | 0.38 1.80 0.02

e ZJJ




Table 5h. Derived Parameters of Clumps

!

| ident  Opymy 1 Oum Oas log(M,,) | log(n) |f log(E,) | log(E,,) | Pk

| km/s | km/s , | km/s Mo 10°em™110% erg | 10%erg | 10'Kem®

L1780 0.06 “ 0.24 0.74 -0.01 —0.01 -1.3 -0.5 1.3

- L183a 007 | 043 1.16 0.80 0. 10 0.0 0.8 3.2

l, L183b 006 | 055 1.40 1.37 -0.13 1.0 16 4.4

| L183c¢ 0.06 [ 0.32 0.89 0.08 0.07 -1.1 -0.2 2.8

[,l L183d 0.06 i 021 0.70 -0.21 0.16 -1.6 -0.8 15

L183e 0.07 | 051 1.32 0.66 -0.12 -0.2 0.8 4.6

| L183f 006 | 054 1.37 0.68 0.00 | -0.1 0.9 6.7

| L183g 006 | 025 0.78 0.10 0.01 -1.1 -0.4 1.4

H L183h 0.06 0.36 0.99 0.82 -0.18 0.0 0.7 1.7

H L183i 0.06 0.21 0.68 -0.53 0.17 -2.1 -1.1 15 |

“ L134a 0.07 0.24 | 0.83 =0.37 0.00  -1.9 -0.8 15|

| L134b 0.06 0.47 1.22 1.34 -0.10 0.9 1.4 30

| L134c 006 | 0.16 | 0.60 1.19 023 | 3.2 2.0 12
MBM39a | 0.06 0.26 0.77 -0.45 0.20 -2.0 -0.9 25
MBM39b | 0.05 0.25 0.75 -0.74 0.22 ~2.4 -1.2 2.6

i MBM38a | 0.05 0.25 0.74 -0.68 0.02 2.4 ~1.1 1.7

| MBM38b | 0.06 0.23 0.75 0.02 -0.18 -1.3 -0.5 0.8

| MBM38c | 0.05 0.16 0.59 -0.77 0.19 2.5 -1.6 1.0
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Figure Captions

Figure 1

The infrared sky around the 1.134 complex of clouds::

a.Large scale map of the 100 pm infrared sky in galactic coordinates. A cylindrical projection has
been used with projection center on /=0°, b=0°. The effective resolution is 0°5. The dark clouds
1.134 and L] 83 are situated around (/, b)=:(2°,34°). The bright region at /=350°, b=15° is the

Ophiuchus region. Contours at 10, 15, 20, 40, and 100, 200, . . . . 6400 MJy/sr. The white box
marks approximately the region covered by Fig. 2b.
b. The vicinity of the L] 34 complex at 100 pm in galactic coordinates. Contours at 3.5, 7, . . . . 35

MlJy/sr. From Table 1, the clouds MBM 38, MBM39, 1.1 780, and L.134 are indicated, the remaining
clouds listed in Table 1 arc labeled in Fig. ‘2.

Figure 2

Images in the IRAS wavelength bands of the main complex containing the dark clouds 1.183, 1.169,
and 1.134. The 12, 25, 60, and 100 pm images are displayed in the upper left, upper right, lower left,
and lower right panel, respectively, The clouds are labeled in the 100 pm image. The spatial resolution
inthe maps is 5'. The following contours have been plotted: 12 pm: intervals of 0.1 MJy/sr, highest
contour at 1.1 Mly/sr; 25 pm intervals of 0.1 MJy/sr, highest contour at 1.1 MJy/sr; 60 pm: 0.4
Mly/sr, highest contour at 4.0 MJy/sr; 100 pm: 2 MJy/sr, highest contour at 22 MJy/sr.

Figure 3

Same as Fig. 2. The infrared images of 1.1 780. Contours: 12 pm: intervals of 0.15 MJy/sr, highest
contour a 1.5 MJy/sr; 25 pm: intervals of 0.2 MJy/sr, highest contour at 1.4 MJy/sr; 60 pm: 0.5
MlJy/sr, highest contour at 5.0 MJy/sr; 100 pm: contours at 1.0, 2.0, 4.5, 7.0,. ..,22.0 MJy/sr.

Figure 4
Same as Fig. 2. MBM 39 is detected only at 60 and 100 pm, Contours: 60 pm: intervals of 0.3 MJy/sr,
highest contour at 2.1 MJy/sr; 100 pm: 1.5 MJy/sr intei vals, highest contour at 15 MJy/sr.

Figure5

Same as Fig. 2. The infrared images of MJ3M 38. Contours: 12 pm: intervals of 0.1 MJy/sr, highest
contour: 1,0 MJy/sr; 25 pm: same as at 12 pm; 60 pm: intervals of 0.3 MJy/sr, highest contour at 1.8
Mly/sr; 100 pm: 1 MJy/sr, highest contour at 10 M) y/sr.

Figure 6

The COU= 1 -0) channel maps of 7,°Av of the central region in the complex. Each map covers a
velocity interval of As = 0.4 km/s. The center velocity inkm/s is indicated in the upper right corners
of the maps. Each dot marks an observation and the gridspacing is 3'. The nominal resolution of the
telescope is276. The maps have been smoothed with a ga ussian of 25 ¥WH M. The large crosses mark
the position and velocity of the ammonia cores obtained by Myers & Benson (1989) for 1.1 34, and
by Ungerechts et al. (1983) for 1.,183. The contours arc in steps of 1 Kkmy/s, the lowest contour is 0.75
Kkmy/s.

Figure 7
Similar to Fig. 6 but for "CO(/=1-0). The contours arc in steps of 0.3 Kkm/s, lowest contour is at
0.2 Kkm/s.

Figure 8




The velocity integrated emission in the complex for CO and *CQ, the integration interva runs from
O to 5 km/s. The maps have been smoothed 10 an effective resolution of 5 FWHM. The crosses mark
the positions of the ammonia cores. In the CO map (he contours arc in steps of 4 Kkmy/s, the lowest
contour is at3 Kkm/s. In the >*CO map the contours ar ¢ in steps of 0.75 Kkm/s, the lowest contour
isat 0.5 Kkmy/s.

Figure 9

The velocit y integrated maps for L1780, the integration intervals are 2.3 1o 4.7 km/s for CO and 2.9
1o 4.7km/s for *CO. The maps have been smoothed with a gaussion of 2.5 arcmin FWHM. The CO
contours arc given in steps of 1 Kkmys, the lowest contour is at 1 K km/s;>CO contours are in steps
of 0.3 Kkmy/s, the lowcs contour is at 0.2 Kkm/s.

Figure 10

Similar as Fig. 9, but for MBM 39. Integration intervals from 1.2 to 3.6 km/s for CO and 1.6 to 3.6
km/s for ’CO. The CO contours arc given in steps of 1 Kkmy/s, the lowest contour is at 1.5 Kkm/s;
*CO contours arc in steps of 0.25 Kkm/s, the fowest contour is at 0.25 Kkm/s.

Figure 11

Similar as Fig. 9, but for MBM 38. Integration intervals from -0.8 to 2..8 km/s for CO and O to 2 km/s
for *CO. The CO contours are given in steps of 1 Kkni/s, the lowest contour is at 1.5 Kkm/s; *CO
contours arc in steps of 0.3 Kkmys, the lowest contour is at 0.35 Kkm/s.

Figure 12 <
The pixel-to-pixel correlation diagrams of W, versus A, for the four main clouds in the complex. The
derived regression parameters are listed in Table 2.

Figure 13
The ratio N,,/W,; as a function of blue extinction. The derived parameters arc listed in Table 2.

Figure 14
The correlation between 1,,, and Ag. The derived regression parameters are listed in Table 2.

Figure 15

The maps of Af,,, obtained by applying eqn. 4. For all clouds wc have used 6=0.21 except for L1 780
where ©=0.27. a. The main complex, contour intervals of 1.5 MJ y/sr, highest contour is 1.5 MJy/sr.
b. L1780, contour intervals of 1 Mly/sr, highest contour is 11 MJy/sr. c. MBM 39, contour intervals
of 0.75 Mly/sr, highest contour at 4.5 MJy/sr. d. MBM 38, contour intervals of 0.5 MJy/sr, highest
contour at 3.5 MJy/sr.

Figure 16
Pixel to pixel correlation diagrams of Al,,, and W,,. The derived regression parameters arc listed in
~able 2.

Figure 17

Determination of the global density distribution in 1.183. Plotted is the distribution of the number of
pixels over the surface of the cloud with values less than a given Ay, 1,4, Or W,; value. The
distributions have been normalized by the total amount of pixels (which is equivalent to the total area)
of the cloud and the upper 10 percentile point. The 2 dashed lines arc the predicted relationships




assuming spherical symmetry and ="' and r~? power law density distributions. The parameters for the
other clouds are listed in Table 3.

Figure 18
The ratio W,,/W,, asafunction of A, asobserved L] 83 and L.134. The ordinate on the right hand side
denotes the value for Ry, the normalized abundance ratio as defined in eqn. 7.

Figure 19

The variation of different tracers in 1.134 along aline parallel 10 (he assumed direction of the ambient
UV field. Position O corresponds to RA 15*51™00%, Dec -4 °30'00” which is close to the position of
the ammonia core in the cloud. The position angle of the slice is 335°. The tracers are 1, and /,,
(panel @), I, and 1,4, (panel b), integrated line emission for different CO isotopes (panel c), CO peak
temperature (d), extinction and 1,4, (panel ¢), the infr ared colors (pancl - measures for infrared
emissivity (panel g) and the ratio of integrated line emission of *CO and C*O (panel h). Note that
in 1.134 the extinction A at position (0,0) is a lower limit, therefore the derived parameters in (0,0)
arc also limits.

Figure 20
Similar as Fig. 19: slice through 1.1780.

Figure 21
a. The size versus CO luminosity relationship for 18 "*CO clumips in the complex.
b. The size versus linewidth relationship for the *CO clumps in the complex.
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